Introduction
The border between the German Democratic Republic (GDR) and the Federal Republic of Germany (FRG) was opened on 9 November 1989. The fall of the Berlin Wall paved the way for the process of the reunification of Germany. As a result of the disparity in the socio-economic development between the old and the new federal states, providing support for the new states became the basis for the internal economic policy of Germany. But although the financial support allowed the East German economy to increase its competitiveness, the effectiveness of the process was highly limited 1 . An unfavourable demographic situation and a lasting trend for a considerable level of emigration constitute some of the major factors inhibiting the development of the East German states.
The aim of this article is to analyse the socio-economic development of the federal states of Germany and to draw conclusions about German regional policy. This is achieved by the use of taxonomic methods and the results of collective research conducted by the Cologne Institute for Economic Research (Institut der deutschen Wirtschaft Köln). Additionally, the analysis is based on official German statistical yearbooks, as well as on other documents and materials retrieved from the websites of particular German ministries.
The location and administrative division of Germany
Germany is located between the North Sea and the Baltic Sea in the north, the Alps in the south, the Rhine in the west, and the Oder in the east. The Federal Republic of Germany comprises, following the reunification of 1990, 16 federal (constituent) states -partly sovereign countries. The "new federal states" include: Brandenburg, Mecklenburg-Vorpommern, Saxony, Saxony-Anhalt, and Thuringia. They were restored by the State Restructuring Act passed on 22 July 1990. The Act transformed the previously centralist GDR into a federal state. Also East Berlin was granted authority associated with a federal state 2 . Following the reunification, East Berlin became part of the federal state of Berlin, which had enjoyed a special status in the Federal Republic of Germany.
Figure 1. Geographical and geopolitical location of Germany
Source: own elaboration based on: Statistisches Jahrbuch 2011 für die Bundesrepublik… (2011, p. 19) .
Methods
The study of the level of socio-economic development of the federal states of Germany was conducted by the use of two taxonomic methods: the Hellwig's method and the non-model method. Both methods have already been extensively described in the literature on the subject and, therefore, only their basic assumptions are presented in this paper.
The classification of socio-economic objects by the use of taxonomic methods demands that features be determined that will describe the analysed objects in detail -those are the so-called diagnostic features (variables). The selection of diagnostic features is a particularly important and responsible process for it directly influences the final results of the study. It is crucial the diagnostic variables used in the study meet the requirements of relevance, normativity, and explicitness (Narkiewicz, 1996, p. 76.) 3 . The set of output data has been assembled to form the so-called observation matrix (Wypych, 1980) : 
where: m -number of diagnostic variables (j = 1, 2, ..., m), n -number of spatial units (i = 1, 2, ..., n), ij x -value of the jth diagnostic variable in the ith spatial unit. 3 The requirement of relevance demands that variables representing the most significant components of the standard of living be used in the study. The requirement of normativity denotes measures having either positive or negative influence on the analysed phenomenon. The requirement of explicitness demands that the study uses variables which explicitly specify the relations between a phenomenon represented by a given measure and other phenomena.
Spatial differentiation has been determined for each initial variable, with the variation coefficient being the main criterion. The coefficient has been calculated according to the formula:
where:
Variables for which vj ≤ v * are deleted from the set of potential variables (v * is the accepted critical value of the variation coefficient). Those variables do not have sufficient discriminant ability.
The potential diagnostic features may be related, in which case they are the carriers of similar information. This, in turn, entails the necessity of determining their similarity 4 . It is usually the linear correlation coefficients between the potential exogenous variables Xj, Xk, (j, k=1, 2, ..., m) that serve as the similarity measures. They are calculated according to the formula (Nowak, 2002; Kosiedowski et al., 1984) :
These coefficients form a correlation matrix: 
Both the Hellwig's method and the non-model method were used in the analysis of the level of socio-economic development of the states. The former is regarded as a classic method of calculating the synthetic measure. It is recognized as a model method, i.e. a method where the significance of a phenomenon is related to a certain model (Piotrowska-Trybull, 2004, p. 431) .
A set of diagnostic features can comprise values having different directions of influence on the analysed phenomenon. Two groups of variables can therefore be distinguished: stimulants and destimulants. All destimulants need to be transformed into stimulants so that higher values of the transformed features could indicate greater significance of the corresponding aspect of the phenomenon. In this work, destimulants have been transformed into stimulants by calculating the inverse of each value according to the formula:
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Furthermore, as variables forming the observation matrix are not homogeneous, it is also necessary they be made comparable by normalization (Zeliaś, 2002, p. 31) 5 . This is calculated according to the formula (Zeliaś, 2002, p. 32 
where: z ij -normalized value of the j variable for the i object, x ij -value of the j variable for the i object, where for:
Next, the distance from such defined model is calculated for each analysed object. This paper uses the following method of calculating distance from the model (Piotrowska-Trybull, 2004, p. 431): ( )
where: c io -generalized Euclidean distance of the i object from the model, Sets of diagnostic features usually comprise features having different information resources inasmuch as the aim of the study is concerned. Diagnostic features were assigned weights in order to take account of different significance of particular features (Zeliaś, 2000, pp. 45-50; Nowak, 1990, pp. 33-35) . The development of the ith spatial unit is measured by a synthetic indicator which the literature on the subject defines as a taxonomic indicator of development (Hellwig, 1968, p. 307) . These indicators are calculated according to the formula (Wypych, 1980, p. 23) :
. The quantity d i is interpreted as follows: the higher the value, the higher the level of development of a given object. The value of the synthetic indicator is within the range [0, 1] .
The second method used in this study is the non-model method, which uses normalized values of diagnostic features given by the formula (6). In the non-model method, the value of the synthetic indicator of development is determined by calculating the weighted mean of the normalized values of diagnostic variables:
where: * i d -value of synthetic indicator for the i object, v j -weight assigned to the j variable, z ij -normalized value of the j variable for the i object.
The indicator is interpreted as follows: the higher the value of d i indicator, the higher the level of development of a given object.
Synthetic indicators enable a linear classification of objects. It is conducted on the basis of distinguishing groups of elements which are similar to one another with regard to the synthetic indicator of development. For the purposes of this study, classifications were carried out by the use of two methods: the standard deviation method and the three-means method (Nowak, 1990, p. 93) .
The standard deviation method uses two parameters of synthetic indicators (z i ): arithmetic mean ( x ) and standard deviation (s z ). In this study, the method of object classification divided the objects into 4 classes: -Class 2 (medium-high level of development):
In order to evaluate the correctness of the classification results, it is necessary to measure the degree of similarity between units belonging to the same typological groups as well as the degree of variation of objects belonging to different subsets (Nowak, 1990, p. 190) . For that purpose the following function is used to calculate the measures of intragroup similarity and intergroup similarity (Piotrowska-Trybull, 2004, p. 
where: The division for which function J reaches the maximum is considered as the best.
The analysis of the level of socio-economic development of the federal states of Germany was conducted by the use of 32 initial variables (see Table 1 ). Their selection was dictated by the requirements of relevance, normativity, and explicitness that apply to the process of feature selection. The data used in the analysis were retrieved from the official website of the German Federal Statistical Office. The variables whose variation coefficient did not exceed the set level of 10 per cent were deleted from the set. The features that were highly correlated with others were deleted in the next stage of the elimination process. This was achieved by the use of the already-described correlation matrix (according to the formula 3). The so-called satellite features of central features were deleted in the course of the analysis of the correlation matrix, with the critical value of the correlation coefficient being set at the level of 0.7.
Five features that carried information also through other variables were distinguished among diagnostic variables, i.e. the so-called satellite features. Isolated features are the carriers of specific information and are not significantly correlated with any other variable. The analysis distinguished five isolated features (see Table 2 ). Number of aborted pregnancies per 10,000 inhabitants − number of lawfully convicted adults per 1000 inhabitants; − number of students per 10,000 inhabitants. Eventually, 10 features were selected for the study: − GDP per hour worked; − Gross Domestic Expenditure on R&D, in per cent; − unemployment rate, in per cent; − density of population in people per km 2 ; − number of deaths per 1000 inhabitants; − infant deaths per 1000 live births; − number of newly built dwellings per 1000 inhabitants; − number of hospital beds per 100,000 inhabitants; − number of doctors (including stomatologists) per 10,000 inhabitants; − number of aborted pregnancies per 10,000 inhabitants.
Of the above-mentioned features, four (number of deaths per 1000 inhabitants, infant deaths per 1000 live births, unemployment rate in per cent, and number of aborted pregnancies per 10,000 inhabitants) were defined as destimulants, which were subsequently transformed into stimulants according to the formula (5).
The values of all of the diagnostic features for the federal states of Germany were correct as at the end of 2011. Two selected variables and their values for particular federal states are additionally presented in Figure 1 and 2. In the following stage of the research, the diagnostic features were assigned weights which -according to the author of this study -reflected the relevance of the influence the diagnostic features exerted on the development of the federal states (see Table 3 ). 
Results and Interpretation
The analysis of the states' development performed by the use of the Hellwig's method used normalized variables. The coordinates of the model of development were as follows: Zo1 = 3,031; Zo2 = 1,707; Zo3 = 1,761; Zo4 = 2,433; Zo5 = 1,880; Zo6 = 1,417; Zo7 2,117; Zo8 = 2,062; Zo9 = 2,515; Zo10 = 1,984.
The results of normalization are shown in Table 4 . Source: own elaboration.
Synthetic indicators of development d i were calculated on the basis of the distance between each analysed state and the model (the closer the value of the indicator was to 1, the higher the level of development of a given unit). Next, each state was assigned a rank which determined its position in relation to the remaining analysed objects. The results of the calculations are shown in Table 5 . The Table shows a markedly inferior position of the eastern states (with the exception of Berlin) in comparison with the remaining federal states of Germany. While Bavaria ranked first with regard to the level of development in 2011, Saxony-Anhalt ranked last. The highest values of synthetic indicators of development were noted in Bavaria and Baden-Württemberg, whereas the lowest -in Mecklenburg-Vorpommern, Brandenburg, and Saxony-Anhalt.
In the non-model method, the variables were normalized prior to the calculation of the synthetic indicators of development of each analysed state. The method of normalization was the same as the one used in the case of the Hellwig's method. Normalized values of variables were used to calculate the synthetic indicator of development for each analysed unit by calculating the weighted mean. Next, based on the received value * i d , the position of the states was determined with respect to the level of development (the higher the value of the indicator * i d , the higher the level of development of a given object). The results are shown in Table 6 . As a result of the analysis performed by the use of the non-model method, Baden-Württemberg ranked first, closely followed by Bavaria, while Hamburg was ranked third. The results confirm the conclusions derived from the analysis carried out using the model method: the eastern states (with the exception of Berlin) were the least developed states in the coun-try. Saxony-Anhalt proved to be the least developed state, with a synthetic indicator of development 1.3 times lower than the corresponding indicator of Baden-Württemberg.
The results enabled the states to be classified into four distinct groups (see Table 7 ). As the classification function reached the maximum for the Hellwig's method (according to the standard deviation method), it was the results received for this method that were used for further analysis.
Discussion
A comparative analysis showed that the group representing the most socioeconomically developed states comprised Bavaria and Baden-Württemberg. In relation to GDP per hour worked, the states ranked 4th (BadenWürttemberg) and 6th (Bavaria) in the country. The states were also characterized by the lowest unemployment rate and a high gross domestic expenditure on research and development. Furthermore, both states ranked low in the number of aborted pregnancies per 10,000 inhabitants and the number of deaths per 1000 inhabitants.
The second class comprised five states: Hamburg, Hesse, RhinelandPalatinate, North Rhine-Westphalia, and Lower Saxony. The majority of relevant diagnostic variables indicated an average level of development. The states: Hesse, North Rhine-Westphalia, Rhineland-Palatinate, and Lower Saxony were characterized by a high level of labour efficiency, defined as GDP per hour worked (respectively: 2nd, 5th, 7th, and 8th), and ranked low in the number of infant deaths per 1000 live births (10th, 14th, 9th, and 15th in the country). Hamburg was the highest ranked state in the class, which was mainly owing to its high rates of labour efficiency, density of population, and the number of doctors (including stomatologists) per 10,000 inhabitants.
The most numerous class was Class III. It comprised 6 states: Berlin, Bremen, Schleswig-Holstein, Saarland, Saxony, and Thuringia. The highest ranked state in the class was Berlin, which was also ranked first in density of population. It also ranked lowest in the number of infant deaths per 1000 live births (15th in the country). Bremen ranked high in the number of hospital beds per 100,000 inhabitants (1st), as well as in gross domestic expenditure on research and development (2nd). In contrast, it was characterized by a high rate of unemployment and ranked rather low in the number of aborted pregnancies per 10,000 inhabitants. Further, Schleswig-Holstein stood out with respect to the number of newly built dwellings per 1000 inhabitants (2nd), but it was also characterized by the lowest gross domestic expenditure on research and development (16th, the last in the country). Saarland, another state representing this class, was ranked highest in the number of doctors (including stomatologists) per 10,000 inhabitants (1st), but at the same time it was ranked almost lowest in gross domestic expenditure on research and development (15th). The remaining states of Class III, Saxony and Thuringia, represented a similar level of socio-economic development. Saxony was ranked as the 6th in regard to the rate of unemployment, whereas Thuringia was ranked as the 7th in the country. Both states also ranked low in the number of infant deaths per 1000 live births.
The last class comprised three states: Mecklenburg-Vorpommern, Brandenburg, and Saxony-Anhalt. They were characterized by low rates of expenditure on research and development and labour efficiency. They also ranked the lowest in density of population: Mecklenburg-Vorpommern -16th, Brandenburg -15th, and Saxony-Anhalt -14th in the country.
The assessment of the level of socio-economic development of the federal states of Germany corresponded to the assessment presented in a publication of the Cologne Institute for Economic Research, Initiative Neue Soziale Marktwirtschaft. 10. Bundesländerranking 2012. Bundesländer im Vergleich, which ranked Bavaria and Baden-Württemberg as the 1st and the 2nd in the country. Furthermore, the ranking indicated the East German states to be the least developed in the country: Berlin was ranked as the 16th, Saxony-Anhalt -15th, Mecklenburg-Vorpommern -14th, Brandenburg -13th, Thuringia -11th, and Saxony -10th (Initiative Neue Soziale, 2012, p. 11).
Conclusions
The research provided information on the variation of the analysed states in respect to their socio-economic development. Of all the analysed federal states of Germany, Bavaria achieved the highest value of the synthetic indicator of development, whereas Saxony-Anhalt -the lowest. The rates of GDP and unemployment were considered as the features of the highest importance to the evaluation of the level of socio-economic development. GDP per capita is the major criterion used in the distribution of financial aid to less-developed regions within the European Union's regional policy. Of all the federal states, the one showing the highest rate of GDP was Hamburg, closely followed by Bremen. Conversely, the rate of GDP was found to be the lowest in Mecklenburg-Vorpommern, Thuringia, Brandenburg, Saxony-Anhalt, and Saxony -these states were ranked, respectively, 16th, 15th, 14th, 13th, and 12th in the country. The ranking is also similar with regard to the rate of unemployment: while the lowest rate was observed in Bavaria and Baden-Württemberg (respectively, 1st and 2nd), the highest rate was found in East Germany -in Berlin, Saxony-Anhalt, Mecklenburg-Vorpommern, Brandenburg, and in Thuringia (the states were ranked, respectively, 16th, 14th, 13th, 12th, 11th, and 10th in the country).
The difficulties encountered in the labour market are also connected with migration. It is estimated that over 4 million people migrated to the western states between 1989-2010. The volume and direction of migration are influenced by a number of factors, with the intention of taking up a new job in order to improve one's financial situation being the most frequently indicated reason for migration. The majority of the migrant population were young people, aged 21-25, a fact only further contributing to the adverse changes in the population structure and in East Germany's potential for development.
While the gap existing between the new federal states and the old ones has indeed been narrowed, the socio-economic situation of the new states is still considerably worse and will not be evened up in the near future. The disparities in the level of development between the states can only be reduced if the western part of Germany develops together with the new states, a process that cannot be achieved without introducing relevant reforms at a national level.
